Various species of mangrove trees thrive in the mangrove forests of Calabarzon, Philippines including species of Avicennia marina, Rhizophora mucronata, and Rhizophora apiculata, which house various lichen species but very little available information on the diversity of these epiphytes is known. A survey of 90 decaying mangrove woods from 3 mangrove sites in Calabarzon including Laiya Batangas, Tanza Cavite and Pagbilao Quezon recorded a total of 40 lichen species classified under 25 genera and 14 families. Rhizophora apiculata (bakawang lalaki) was found the most preferred lichen establishment host as it housed 23 lichen species followed by Rhizophora mucronata (bakawang babae) with 17 lichen species and Avicenia marina with 7 lichen species. Lichens that belong to family Arthoniaceae, Caliciaceae, Parmeliaceae, Collemataceae, and Graphidaceae were the highest recorded. Most of these manglicolous lichens were classified as crustose (60%) and foliose (40%) lichens. Out of these manglicolous lichens identified, 29 species were found to be new records of lichens in the Philippines.
Introduction
As an archipelagic country made up of more than 7,000 islands, the Philippines have one of the longest coastlines in the world extending up to 36,289 km. It is located at 13°00'N, 122°00'E, along the tropical band where mangroves thrive. The country holds at least 50% (Primavera et al. 2004 ) of the world's approximately 65 mangrove species (Kathiresan & Bingham 2001) . Mangrove ecosystems are one of the world's most species diversified and productive ecological system .The mangroves habit is a complex of physiological adaptations enabling the survival and success of organism in estuarine ecosystem (Hogarth 2015) .
Mangroves are the unique ecosystem developed along estuarine seacoasts and river mouths in tropical and subtropical regions of the world. They are commonly found in the intertidal zone and are considered bridges between terrestrial and marine ecosystems, harboring a unique microbial biodiversity. Mangrove forests are one of the world's most productive tropical ecosystems (Odum & Heald 1972 , Lugo & Snedaker 1974 , Smith et al. 1991 , Kathiresan 2000 , Logesh et al. 2012 . Mangrove trees are fascinating study objects for the mycologist because the bases of their trunks and aerating roots are permanently or intermittently submerged. Whereas the upper parts of roots and trunks rarely or never reached by the salt water, although, they sometime may be subjected to saline spray (Logesh et al. 2012) . Thus, terrestrial fungi and lichens occupy the upper part of the Studies in Fungi 4(1): 263-273 (2019) www.studiesinfungi.org ISSN 2465-4973 Article Doi 10.5943/sif/4/1/28 264 trees and marine species occupy the lower part. At the interface there is an overlap between marine and terrestrial fungi (Kohlmeyer 1969) .
Lichens have been traditionally described as symbiotic organisms (holobionts) resulting from the close morpho-physiological interaction between a heterotroph (mycobiont) and at least one photosynthetic (photobiont) partner, which can be green microalga (phycobiont) and/or cyanobacteria (Logesh et al. 2012) . They are found on every continent and are dominant organisms that inhabit around 8% of the world's land surface (Margulis & Barreno 2003) . They are mostly found on soil, rocks and trees while some grow on old wood, dead branches, rails and rocks (Nash 2008) . Due to their unique nature and physiology, lichens have an ability to colonize various substrates such as epiphytes (Margulis & Barreno 2003) . The different species of sporophytes provide excellent habitat for lichens vital role in colonization (Kohlmeyer 1969) . Lichens present in the mangroves are termed manglicolous lichens (Raja et al. 2012) . The population of lichens on mangroves is very low when compared to the lichens of terrestrial ecosystems, as their growth is arrested by high level of salinity and moisture (Logesh et al. 2012) .
The Calabarzon region is located in the Southwestern part of the Island of Luzon and has a total land area of 16,560 square kilometers. It is the second most densely populated region in the country, principally because it is closest region to Metro Manila (Berja-Lusterio & Colson 2008 NO. 7 (s.1975) . It has 28 mangrove species. In general, based on the Department of Environment and Natural Resource (DENR) data, Calabarzon is covered with 55 percent of forests, including mangroves.
In the Philippines, less research has been undertaken on the manglicolous lichens on specific mangrove community. In order to gain better understanding of these fungal species in mangroves, a study of the occurrence of manglicolous lichens in specific mangrove species was undertaken.
Materials & Methods

Study Site
The study site is comprise of 3 different locations in Calabarzon including Laiya Batangas 13.675°N, 121.390°E, Pagbilao Mangroves Experimental Forest 13°58.525N, 121°43.523E, and Tanza Cavite Mangrove Park 14.3520°N, 120.8384°E (Fig. 1 ).
Collection and treatment of bark samples
The decaying substrate of Rhizophora mucronata, Rhizophora apiculata, and Avicenia marina were collected from the three-mangrove forest of CALABARZON on June-April 2017. A total of 90 decaying wood substrates were collected from each mangrove species Avicenia marina, Rhizophora apiculata, and Rhizophora mucronata. The lichen specimens collected from the host mangrove species were properly labeled for further studies in the laboratory. Lichen samples were then classified into crustose, foliose & fruticose lichen growth forms as per standard literature (Broad 1989 , Muthukumar & Tarar 2006 , Rai et al. 2014 . Lichen samples were identified based on their morpho-anatomical features with the aid of available taxonomic keys and various references e.g. Gruezo 1979 , Goward et al. 1994 , Malcolm et al. 2011 , Santiago et al. 2013 , McCarthy 2015 .
Fig. 1 -Lichen collection sites in Calabarzon, Philippines
Results
In this study, the species of manglicolous lichens from Calabarzon, Philippines were arranged alphabetically following genera and species whose valid nomenclature follows mycobank.org and indexfungorum.org. Current accepted names are shown in bold letters, while new records of lichens in the Philippines are marked with dots [•].
List of manglicolous lichens in Calabarzon, Philippines
• Anisomeridium ambiguum ( There were 40 manglicolous lichen specimens identified belonging to the three mangrove species. These lichens were further classified belonging to 25 genera and 14 families. The result showed that Rhizophora apiculata (bakawang lalaki) is the most preferred lichen establishment as it houses 23 lichen species. Rhizophora mucronata (bakawang babae) accommodates 17 lichen species while Avicenia marina holds seven lichen species (Fig. 2) . Most of these lichens were classified as crustose (60%) and foliose (40%) lichens. From these manglicolous lichens, it was also noted that 29 lichen species were new records of lichens in the Philippines.
Aside from the total number of lichen species found in each of the mangrove trees, Rhizophora apiculata (bakawang lalaki) also accommodated 18 host-specific lichen species.
Rhizophora mucronata (bakawang babae) carries 10 host-specific lichen species and Avicenia marina with 4 ( Fig. 2) . Lichen belonging to family Arthoniaceae, Caliciaceae, Parmeliaceae, Collemataceae, and Graphidaceae were the highest recorded frequency.
Fig. 2 -Frequency of lichen species housed by mangrove trees in Calabarzon, Philippines
Discussion
The manglicolous lichens are specific group of lichens in mangrove plants (Panda et al. 2017) . These lichens usually thrive in the exposed wood, branches and the bark of mangrove plants, which are considered their ecological niche (Hyde & Jones 1988) . However, mangrove forest has low, dense, and has a high level of salinity affecting the lichen population, which is the reason why crustose lichens are abundant in such habitat (Reynold et al. 2017) . The most common manglicolous lichen families includes Arthoniaceae, Caliciaceae, Pyrenulaceae, Parmeliaceae, Collemataceae, and Graphidaceae as recorded by Panda et al. (2017) and Sethy (2015) . It was also found that the crustose lichens grow on Avicenia marina with smooth surface and lenticels on their trunk, which supports the result of the study done by Panda et al. (2017) and Nayaka et al. (2012) . In the present study, R. apiculata and R. mucronata has greater lichen diversity compare to A. marina because of its thin, stiff and brittle flakes detached to its bark. The foliose lichens were only recorded on R. apiculata and R. mucronata but no fruticose lichens were observed in any of the three mangrove species, similar to the study by Sethy et al. in 2012. Mangrove ecosystems differ considerably in physical attributes, composition and age of host tree, substrata available for colonization and salinity. These local environmental factors many have a larger role in deciding the dominant lichen present on each host (Alias et al. 2010) . Moreover, absence of fruticose lichens can be linked as these sites with more human interference and unsuitable environment of lichen establishment (Stevens 1979) . The agents of lichen destruction includes disturbance of the ecosystems, deforestation, agricultural practices, urbanization, pollution of air, water, soil and exploitation of natural resources (Nash 2008). Field information and the results showed that these sites were less influenced by anthropological activities. The healthy and old mangrove plants favored the luxuriant growth of lichens (Tiwari & Prajapati 2015) .
A total of 40 manglicolous lichen species were recorded from Calabarzon, Philippines (Fig. 2) . The present count in Calabarzon is still few compared to other older mangrove ecosystem in the world. However, the occurrence of manglicolous lichens in all regions was almost the same since these lichens interestingly are salt tolerant and more sensitive to moisture (Logesh et al. 2013 ). This includes the presence of pyrenocarpous lichens that thrives in the moist and humid climate condition of the habitat. The area harbors maximum diversity of lichens under family Graphidaceae, which is similar to the study by Logesh et al. (2012) . The second dominant family present in the mangrove ecosystem of Calabarzon is Caliciaceae and Collemataceae, which is represented by six and five species respectively. A species under family Roccellaceae was also noted which is considered a unique lichen flora not present anywhere out of the mangroves. These lichen species were also interestingly recorded from the Gujarat mangroves in India (Nayaka et al. 2012) . The occurrence of these lichen communities in mangroves indicates their tolerance to hot, humid and saline environmental conditions in mangrove communities (Nayaka et al. 2012) .
Of the 40 manglicolous lichens found in the mangrove ecosystem in Calabarzon, Philippines, 29 species of lichens are considered new records of lichens in the Philippines, indicating that this forest type is an important habitat type for lichen diversity (Reynolds et al. 2017) . This means that more species are therefore likely to be discovered and added to the Philippine lichen checklist as more sites are investigated.
Just like most mangrove forests, Philippines mangrove forests are usually made of various mangrove tree species. However, the manglicolous lichens noted in Calabarzon when compared with studies elsewhere in the world is relatively low. Marcelli (1992) , in his study of the Southern and Southeastern coastline of Brazil recorded the highest number of manglicolous lichen species classified under 289 taxa. One hundred and sixty-seven species thrives in the Sundarban mangroves (Logesh et al. 2013) , around 117 species of lichens in the mangroves of Trat Province in Southeast Thailand (Mongkolsuk et al. 2006 ) and 105 lichen species in the mangroves of eastern Australia (Stevens 1979) .
